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Essentials
• The YEARS algorithm was designed to simplify the diagnostic workup of suspected pulmonary embolism.
• We compared emergency ward turnaround time of YEARS and the conventional algorithm.
• YEARS was associated with a significantly shorter emergency department visit time of~60 minutes.
• Treatment of pulmonary embolism was initiated 53 minutes earlier with the YEARS algorithm Summary. Background: Recently, the safety of the YEARS algorithm, designed to simplify the diagnostic work-up of pulmonary embolism (PE), was demonstrated. We hypothesize that by design, YEARS would be associated with a shorter diagnostic emergency department (ED) visit time due to simultaneous assessment of pre-test probability and D-dimer level and reduction in number of CT scans. Aim: To investigate whether implementation of the YEARS diagnostic algorithm is associated with a shorter ED visit time compared with the conventional algorithm and to evaluate the associated cost savings. Methods: We selected consecutive outpatients with suspected PE from our hospital included in the YEARS study and ADJUST-PE study. Different time-points of the diagnostic process were extracted from the to-the-minute accurate electronic patients' chart system of the ED.
Further, the costs of the ED visits were estimated for both algorithms. Results: All predefined diagnostic turnaround times were significantly shorter after implementation of YEARS: patients were discharged earlier from the ED; 54 min (95% CI, 37-70) for patients managed without computed tomography pulmonary angiography (CTPA) and 60 min (95% CI, 44-76) for the complete study population. Importantly, patients diagnosed with PE by CTPA received the first dose of anticoagulants 53 min (95% CI, 22-82) faster than those managed according to the conventional algorithm. Total costs were reduced by on average €123 per visit. Conclusion: YEARS was shown to be associated with a shorter ED visit time compared with the conventional diagnostic algorithm, leading to faster start of treatment in the case of confirmed PE and savings on ED resources.
Introduction
Crowding of emergency departments (EDs) is a worldwide increasing concern, leading to longer duration of the ED visit, which may negatively impact the quality of care as well as access to healthcare [1] . In the Netherlands 1.9 million ED visitors are registered per year, corresponding to 110 visits per 1000 persons [2] . The mean duration of stay in the ED in the Netherlands is 130 min [1] . An increasing length of stay in the ED has been associated with treatment delay, decreased patient satisfaction and higher risk of suboptimal or incomplete diagnostic evaluation and/or treatment [1, 3] . Most patients with acute pulmonary embolism (PE) are diagnosed in the ED [4, 5] . PE-associated symptoms are non-specific and may mimic other acute cardiopulmonary conditions. This non-specific presentation is associated with an excess of diagnostic tests and diagnostic delay in the ED [6] . Importantly, it is widely acknowledged that patients with PE benefit from rapid diagnosis and treatment [7] [8] [9] .
The YEARS study recently demonstrated a novel diagnostic algorithm for the management of patients with suspected PE, which consists of simultaneous assessment of the YEARS items and D-dimer measurement (Fig. 1) . Compared with patients managed according to the conventional algorithm, the YEARS algorithm led to a 14% reduction in the need for computed tomography pulmonary angiography (CTPA), without compromising safety [10] . Whether the YEARS algorithm also allows for a shorter length of stay in the ED is unknown.
The aim of this study was to investigate whether implementation of the YEARS diagnostic algorithm would lead to a shorter ED visit time than before implementation of the YEARS algorithm, when the conventional diagnostic algorithm, consisting of consecutive Wells rule and D-dimer testing in the case of unlikely clinical probability, was applied. To do so, total ED visit times of patients included in the YEARS study were compared with ED visit times of patients included in the ADJUST study, where patients were managed according to the conventional Wells rule (Fig. 2) . In addition, we analyzed and compared costs associated with ED visits for both diagnostic approaches.
Methods

Study population
A post hoc analysis was performed of the combined data of patients from the Leiden University Medical Center, Leiden, the Netherlands, included in two prospective outcome studies [10, 11] . The YEARS study included consecutive in-and outpatients with suspected PE between October 2013 and July 2015. All patients were managed according to the YEARS algorithm ( Fig. 1) [10] .
The ADJUST study included consecutive outpatients with suspected PE from January 2010 to February 2013 [11] . All patients were managed according to the Wells clinical decision rule and in patients with an unlikely clinical probability, a D-dimer test was performed (Fig. 2) . In both studies, all patients were followed for a 3-month period, and all suspected VTE events and deaths occurring in this period were adjudicated by an independent committee [10, 11] .
From both studies, all patients with confirmed PE and the 265 most recently included consecutive patients with excluded PE were eligible for study inclusion [10, 11] .
Patients were excluded if they were transferred to another hospital from the emergency ward for logistical reasons (because of the associated excess of ED visit time) or if acute PE was not the primary suspected diagnosis at presentation, leading to clinical evaluation by more than one specialist for a broad differential diagnosis at the emergency ward, because the latter could have led to a longer duration of stay. Patients from the ADJUST cohort were also excluded if they presented before 1 May 2011 at the emergency department, because the accurate to-the-minute time-registration system had not yet been implemented before this date. The final patient selection is illustrated in Fig. 3 .
Time registration
The patients' chart system of the emergency ward consists of an accurate to-the-minute time registration of all management steps, including time of arrival, all hemodynamic and respiratory measurements, ordering of all diagnostic tests and administration of any medication. This registration system was implemented in May 2011. Different time-points of the diagnostic process were extracted from this electronic patients' chart system: start of diagnostic evaluation (defined as time of connection of the patient to the cardiac monitor, which is the first step of management of all patients after they enter the ED), time of D-dimer request (moment of electronic order), time of CTPA request (moment of electronic order), time of medication administration (moment of electronic order), time of discharge from the emergency ward and overall time spent in the emergency ward (time from start of diagnostic algorithm until discharge).
To evaluate whether the overall duration of an ED visit changed during the study period (May 2011 until February 2015), the same data were collected for all patients who presented with suspected myocardial infarction during the month of March of the years 2012-2015, as this is a cardiovascular emergency as well.
To study other relevant factors associated with an ED visit, we also collected data on the type of referral (physician-based referral vs. self-referral), time of presentation (during office hours vs. evening/night shifts), day of presentation (weekdays vs. weekend) and presence of comorbidities such as heart failure, chronic obstructive pulmonary disease (COPD) and/or cancer.
Costs analysis
Costs during the ED visit were estimated for both algorithms in euros at the 2017 price level, including D-dimer use, CTPA use and ED capacity costs. The average number of required D-dimer tests and CTPAs to confirm or rule out PE were measured for both cohorts using the YEARS diagnostic algorithm (YEARS) or the conventional diagnostic strategy (ADJUST). Costs per D-dimer and per CTPA were set at €5 and €182, respectively [12] . Capacity costs were estimated from the patients' time spent in the ED and were valued at €110 per hour, which was estimated as the average Dutch costs per ED visit (i.e. €234 per visit divided by the average Dutch ED visit time, which has been established at 130 min) [1, 12] . No costs were counted for ED specialist time and subsequent healthcare (assumed identical for both strategies).
Aim of the study
Our primary aim was to determine the total turnaround time in the ED for patients with suspected PE in the YEARS cohort compared with patients from the 
Patients ≥ 50 years ADJUST cohort. Our secondary aims were to evaluate factors predictive for a shorter or longer duration of stay in the emergency department and to determine whether the total turnaround time during the study period of 2012-2015 had changed.
Our primary endpoint was the time-to-diagnose in patients with suspected PE, defined as the time from start of the diagnostic algorithm to the moment of final PE diagnosis, in patients with suspected PE managed according to the YEARS algorithm compared with patients managed with the conventional algorithm (ADJUST). The turnaround time between start of the diagnostic algorithm and order for CTPA was calculated for all patients who were referred to CTPA, as were the turnaround time between start of the diagnostic algorithm and initial dose of anticoagulant treatment for all patients with proven PE, and the turnaround time between start of the diagnostic algorithm and discharge from the ED for all patients regardless of final diagnosis.
Our secondary aims were to evaluate factors predictive for a shorter or longer duration of stay in the emergency department and to determine whether the total turnaround time during the study period of 2012-2015 had changed. Also, the costs of the ED visit of patients managed according to the YEARS algorithm were compared with those costs associated with the conventional diagnostic algorithm.
Statistical analysis
Odds ratios (ORs) with 95% confidence intervals were calculated for differences in baseline characteristics between both cohorts. The independent t-test was used to evaluate differences in mean age at baseline. All timepoints during the emergency ward visit are presented as median with 25-75 interquartile ranges (IQR). Absolute differences and 95% confidence intervals between medians were measured using the Hodges-Lehmann test. The association between time to diagnose and factors associated with shorter or longer stay in the emergency department were evaluated using multivariate logistic regression analysis in the combined cohorts adjusted for all identified differences in the baseline characteristics between the two cohorts, and expressed by odds ratios with 95% confidence intervals. The association of presentation during the different days of the week with ED visit time was calculated with a multinomial logistic regression analysis with a longer duration of stay as reference category. The 75th percentile was used as cut-off for a shorter or longer duration of stay. Linear regression analysis was performed to adjust the results of our primary endpoint for all identified differences in baseline characteristics between the two cohorts. The overall duration of stay of patients with suspected myocardial infarction during the years 2012-2015 was presented as median with 25-75 interquartile ranges. The Kruskal-Wallis test was used to compare these timepoints. All time-points used for the analysis of the costs of an ED visit are presented as mean time-points. The costs were calculated as proportion of patients per cohort times the cost of the utilized tests. All costs are displayed in euros. P-values < 0.05 were considered statistically significant. All analyses were performed using SPSS software version 23.0 (Chicago, IL, USA).
Results
Patient selection
Among the eligible patients from the YEARS study, 19 of the 139 patients with confirmed PE and 24 patients with PE ruled out were excluded due to transfer to another hospital or evaluation by more than one specialist, leaving 120 patients with confirmed PE and 241 patients with PE ruled out for analysis [10] (Fig. 3) . The mean age of these patients was 53 years (standard deviation 18) and 147 (41%) patients were male ( Table 1) . The majority of patients presented during weekdays (78%), 126 patients (35%) were self-referrals and 205 (57%) patients were discharged from the emergency ward without hospital admission.
These 361 patients were compared with 288 patients from the ADJUST cohort [11] . Among the eligible patients from the ADJUST cohort, 27 patients with PE were excluded because of inclusion before 1 May 2011, and 17 patients with confirmed PE and 38 patients with PE ruled out were excluded due to transfer to another hospital or evaluation by more than one specialist in the emergency department, leaving 61 patients with confirmed PE and 227 patients without PE from the ADJUST cohort (Fig. 3) . The mean age of these patients was 65 years (SD 10) and 109 (38%) were male. Of the patients, 124 (43%) were self-referrals, 79% presented during weekdays and 208 patients (72%) were discharged from the emergency ward without hospital admission (Table 1) .
Patients from the YEARS cohort were significantly younger, were less often discharged from the ED without hospital admission, for an OR of 0.51 (95% CI, 0.36-0.70) and were less often known to have heart failure, for an OR of 0.11 (95% CI, 0.02-0.48). Other baseline characteristics were comparable between both cohorts.
ED visit time
The overall time spent in the emergency ward for all patients, defined as the time of start of the diagnostic algorithm to discharge from the emergency ward (Fig. 4A, Table 2 ). The breakdown of turnaround times per algorithm per patient category is demonstrated in Figures S1 and S2 .
After adjustment for age, all studied time-points remained significantly different and shorter for patients managed according to the YEARS algorithm; the adjusted total ED visit time for all patients was 40 min (95% CI, 22-58) shorter and the adjusted total ED visit time for all patients managed without CTPA was 46 min (95% CI, 2071) shorter, the adjusted time between start of the diagnostic algorithm and the initial dose of anticoagulants in all patients with confirmed PE was 54 min (95% CI, 24- 84) shorter, and the adjusted difference in time between start of the diagnostic algorithm and the order for CTPA in patients who were referred for CT was 53 minutes (95% CI, 42-64) shorter. Adjustment for the comorbidities COPD and heart failure did not change our results.
Predictive factors for ED visit time
Discharge from the ED without hospital admission was significantly associated with a shorter duration of the ED visit, for an OR of 0.53 (95% CI, 0.37-0.76) using the 75th percentile as cut-off for a longer duration of stay. Age younger than 50 years was also associated with a shorter duration of the ED visit, for an OR 0.34 (95% CI, 0.20-0.59). All other studied factors were not associated with a longer or shorter duration of the emergency ward visit (Table 3) .
Duration of ED visit during 2012-2015
The overall time of an ED visit for patients with sus- 
Costs analysis
Compared with the conventional algorithm, the YEARS algorithm increased the use of the D-dimer test by 23% (77% vs. 100%, Table 4 ) and decreased the use of CTPAs by 9% (61% vs. 52%). Total time of the ED visit on CT, computed tomography; PE, pulmonary embolism; min, minutes.
average decreased by more than an hour. The impacts on per-visit costs associated with D-dimer tests were an increase of €1 and for CTPAs and ED capacity costs a decrease of €16 and €132, respectively. Total per-visit costs during the ED visit decreased on average by €123 (€612 vs. €489; Table 4 ). Table S1 demonstrates the costs for both algorithms in patients with confirmed PE vs. those with PE ruled out.
Discussion
This analysis demonstrated a significantly shorter turnaround time for patients with suspected PE using the YEARS algorithm than the conventional algorithm for all different predefined time-points, without a general tendency to shorter ED stay for other acute cardiovascular conditions. This shorter turnaround time is very relevant because an early start with anticoagulant treatment in patients with confirmed PE reduces mortality and morbidity [13] [14] [15] . The overall time of the ED visit decreased by as much as 60 min. Overall costs during the ED visit were estimated to decrease by €123 per patient. The main explanation for our findings is that in the YEARS algorithm, the decision to perform D-dimer testing can be made directly instead of after initial evaluation of the patient and calculating a clinical decision rule when using the conventional algorithm [4, 11, 16] . The mean duration of a D-dimer measurement is 45-60 min; this represents the whole logistic process in the Leiden University Medical Center from taking the blood from the patient to publication of the results in the electronic chart system of the patient. On the other hand, however, D-dimer measurement is not necessary in all patients in the conventional diagnostic approach: patients with a high clinical probability must be directly referred for imaging. The reduction of the required number of CTPAs in the YEARS study is an additional explanation for the shorter duration of the ED visit. Apart from the great advantage of faster initiation of anticoagulant treatment, the introduction of YEARS also resulted in a decrease in costs associated with the ED visit. The small increase in costs for more D-dimer tests was more than offset by the savings of CTPAs. Although less tangible, the €108 savings on shorter ED capacity were considerable as well, for a total average net saving of €123. These savings represent the value of ED capacity that could be effectively used to provide better care to other patients. It is acknowledged that the costs of diagnostic tests and ED capacity can differ by hospital and country. For example, the mean length of an ED visit has been estimated at 245 min in the USA, as compared with only 130 minutes in the Netherlands [1, 17] . Despite such differences, we do expect savings in all settings, as the small additional costs for extra D-dimers are far outweighed by the savings on CTPAs and ED capacity. In this paper we used two different summary measures for the ED visit times. When analyzing predicting factors, we focused on the typical patients and used the median and 25-75 interquartile range to summarize the skewed distributed ED visit times. When analyzing costs we used the mean as a summary measure because possible outliers can have a considerable impact on costs.
The only predictive factors for a shorter duration of the ED visit we found were age younger than 50 years and discharge from the ED without admission to the Table 3 Factors associated with a longer duration of stay on the emergency ward with calculated odds ratio (OR) and 95% confidence interval, using the 75th interquartile range as cut-off value in patients from the combined cohorts. Multivariate regression analysis was used to adjust for all relevant baseline characteristics. CT, computed tomography with contrast infusion; ED, emergency department.
hospital. These two variables were reported to be of relevance to length of stay in the ED in the Netherlands. In two Dutch studies, the median time of an ED visit was also found to be longer for patients who presented during weekdays and patients referred by medical professionals (compared with self-referrals) [1, 7] . It is likely that our study was underpowered to identify these predictors as well. An important strength of this analysis is that our hospital is equipped with a to-the-minute registration system on the emergency ward, which is accurate and precise. This registration system makes it possible to accurately extract data at different time-points during the emergency ward visit. Further, the inclusion and exclusion criteria of both the YEARS and ADJUST study were comparable [10, 11] . Also, we were able to show that the overall time of an ED visit did not decrease between 2012 and 2015, which underlines the relevance and validity of the faster diagnostic turnaround time using the YEARS algorithm. The used CT scanners were comparable for both study cohorts; all patients were scanned with a multi-detector CT scan.
The main limitation of this study is that our analyses may be underpowered to detect subtle differences in the predictive factors for a shorter or longer duration of stay. The subgroup of patients with comorbidities such as heart failure or COPD is too small to draw firm conclusions. Because other hospitals work with other ED registration systems, we were not able to seek external validation of our findings. Also, the mean age of patients in the YEARS cohort was significantly lower than that of patients from the ADJUST study (P < 0.01) and YEARS patients had a lower incidence of heart failure. Even so, after adjustment for age and comorbidities, all different measured time-points during the ED visit remained significantly different between both cohorts. Moreover, more patients from the ADJUST cohort were discharged without hospital admission from the ED than was the case in the YEARS cohort (OR, 0.51; 95% CI, 0.36-0.74). We did not adjust for this potential confounder because discharge from the ED is associated with a shorter ED visit time. Even so, because we did not perform a randomized controlled trial with direct comparison of both diagnostic strategies, our results may be subject to bias. Further, because more data on recent ED visits or recent hospitalizations were unfortunately not available, we were not able to correct for these potential confounders. Lastly, we only studied the total ED visit time in one academic hospital. We could not test whether our findings may be extrapolated to other hospitals. Nonetheless, our expectation is that other hospitals will find similar effects using the YEARS algorithm because of the simultaneous assessment of the D-dimer test and the assessment of clinical probability as well as the established reduction of required CTPA scans.
In conclusion, we demonstrated a shorter ED visit time for patients with suspected PE using the YEARS diagnostic algorithm than using the conventional diagnostic algorithm, leading to faster treatment initiation in cases of confirmed PE and savings on emergency ward resources. A shorter ED visit time creates important capacity to treat other patients and lowers the risk of crowding in the ED, which is a benefit for all patients visiting the ED.
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